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SUMMARY

Records obtalned in flight were evaluated to determine
the relation between the velocities of vertical drafts and
associated gusts within convective=tyre clouds. The velocity
of the vertlcal drafts was evalvated from the varlation
of altitude with time recorded by a barsgrarh and by motlion
pictures of the pilot's lnstrument penel. The draft
velocitles thus obtalned were compared with the maxlimum
true gust velocltles 1In the draft region evaluated from
alrgpeed and acceleration data.

Evaluation of the data showed that the vertical-draft
velocity and the maximum vertical true gust veloclty
encountered within the draft reglon were essentially equal.
A single draft was found to occupy from 3 to 42 percent
of the wldth of a cloud and several drafts encountered at
the same altltude within one cloud were found to occupy
from 6 to 63 percent of the cloud wildth,.

INTRODUCTION

The predictlon of the intensity end dlstribution of
atmospheric gusts within convec¢tlve-type clouda from
meteorologlcal conditions 1s desirable for the safe opera=-
tion of aircraft. Although much work has been done In
conmmection with this problem, no quantitative solution
has been found up to the present time because of 1ts com=
plexlity. Meteorologlcal processés indicate that the energy
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within convectlve~type clouds becomes evident in the form

of vertical currents or drafts of considerable slze and
intenslity, which are noticeable to the pllot by marked
changes in flight altitude. The drafts are partly dlssipated
by shearing action between the draft and the relatively

-8till alr, whlch prcduces turbulence or gusts of varying

8lzes and Intenslties that are evident to the pillot from
bumpy and lrregular flight. It would be of consldierable
value as a baslc step toward the prediction of the intensity
of atmospreric gusts from meteorologlcal conditions to show
that the velocltles of drafts and assoclated gusts are
related,

Data cn the intensity and size of drafts and vertical
gusts were obtalned from fligzhts with the XC-2Z5 alrplane
durlng 1941 and 1942 under a variety of weather conditions.
(See reference 1.) Flights were made in the vicinity of
Langley Field, Va. on days when meteorological information
indicated that condltlons were conduclve to the development
of convective-type clouvds. The data obtained have been
utilized to determine whether any deofinite relation exists
between the vertical component of the Jdraft veloclty and
the maximum gust veloclty assoclated with the draft. The
vertical components of the draft velocities were evaluated
from records of variation of time with altitude obtaired
from motlon plctures of altimeter and clock and from a
barograph, and the gust velocitles were ‘evaluated from
airspeed and acceleratlion records,

APPARATTUS

The XC-2E airplane (fig. 1), wbhich was used for the
flights to obtaln éraft and gust data, 1s descrlibed in
detail in reference 1. The alrplane was equipped with
governed (constant-speed) propellers and automatic mani-
fold pressure controls, which delivered essentlally constant
thrust horsepower for fixed control settings durlng reasonable
changes 1n altltude or operatlng speed.

The following instruments were used in the airplane to
obtaln the desired data:

(1) NACA air-damped recording accelerometer

(2) NACA airspeed recorder
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(3) NACA timer (l-sec 1ntervai)

(4) e€ine-Kodak Special 16~m1111meter motion-pictare
camera.

(6) Airplane sensitive altimeter
(6) Airplane clock with sweep second hand
(7) Friez barograph

The accelerometer and alrspeed recorder were flitted with
magazine film drums contalining sufficlent film for 30 minutes
of record at a film epeed of 1/8 inch per second. The motion-
ploture camera, which was used to photograph the altimeter
and the clock, was fitted with a magazine containing film

for 8 minutes of motlon pictures at a film speed of 8 frames
per second. The barograph was a standard Frlez Instrument
that recorded the barometric pressure on recorder psaper at

a rate of 0,07 inch of record per minute.

TESTS AND METHODS

The tests consisted of maklng traverses of the clouds
at various altitudes up to 30,600 feet, The alrplane was
trimmed for steady level flight prlor to entry into & cloud.
During the traverse the pllot attempted to malntain a
reasonably constant airspeed and disregarded the changes
in the altitude of the ailrplane, The throttle setting
during the traverses was not changed .and the elevdtor
control was used to adjust for any changes in alraspeed of
the airplaene,

The barograph was in continuous operation throughout
the flight, whereas all other recording lnstruments were
operated only durlng cloud surveys and were turned on
simultaneously and off simultaneously.

EVALUATION OF RECORDS

The varlation of pressure altltude with time obtained
from motion pictures and from barograph traces was evaluated
to obtain the draft velocity Uge Only outstanding changes
in pressure altitude were evaluated because of the small
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time scale of the barograph record and the wvibration of

the altimeter needie in rough air. The minimum altitude
change consldered suitable for evaluatlon was approximately
1200 feet and the minimum time to traverse the draft was
approximately 10 seconds. Since the rate of change of
altitude was not constant throughout the horizontal extent
of the draft, the velocity obtained from the following
expression 1s an average:

where
Uq draft veloclity, feet per second
Ah change in pressure altitude (standard atmosphere), feet

At increment of time for change in altitude, seconds

The determination of Uy is based on the assumption
that

(1) The vertical motion of the alrplane is the vertical
motion of the air

(2) The pressure fleld within the cloud is constant

(3) The change 1n true altitude is equal to the change
in pressure altltude

(4) A negligible change in airspeed and power occurs
during traverses of the drafts )

The maximum value of the true gust velocity TUg

encountered wlthln each draft was obtalned from alrspeed
and acceleration data. Since the acceleration peaks

corresponding to the maximum gust veloslty might not have
satisfied the condltlons.for evaluation of Uy given 1In

reference 2, the effective gust velocity U, was first

computed from the baslc¢ data by the sharp-edge-gust formula
(reference 3). The corresponding value of Uy was then
computed from U, by the relation given in reference 3

on the assumption that all the gusts were of the same shape
and silze. A reasonable value of gust size for the

XC=35 alrplane 1s 9 chord lengths., This value 18 obtalned
by averaging all values of gustegradient distance H shown
in figure 3 of reference 1. On the basis of the assumed
gust size, the acceleration ratlo for relating U; and TUg
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was found from equation 4 of reference 3 to be 0.67. The
finel relatlion therefore is ——e

_ UeyfPo/P -
Ut=‘g¥5%L (2)

Ut true gust velocity, feet per second

where

Uo effective gust velocity (see reference 3), feet per
second

po mess density of air at sea level

o] mass density of alr at altitude

This procedure probably ylelds the best estimate of the
maximum true gust veloclity that can be made at the present
time,

The horlzontal extent of the draft d3 and of the
cloud d, was determined from the following relations:

dg = V Atg
and
de = V Atg
where
\' average true forward alirspeed of alrplane, feet per

second
Atg increment of time to traverse draft, seconds
Ateg Increment of time to traverse cloud, seconds

The draft velocity evaluated from both the motion-
plcture and barograeph records 1s shown plotted agalnst the
maximum true gust velocity assoclated with the draft in
figure 2. These data, together with other pertinent
charaoteristics of the draft and of the cloud in which the
draft was encountered, are summarized ln table I. The
number of drafts evaluated hereiln represent only a small
percentage of the total number encountered in the flights
because of the very small time scale barograph records
and the limited supply of motlion-picture film. In several
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Instances more than one draft waa encountered on a traverse
through a cloud; the draft veloclity was therefore compared
with the most intense gust within each draft reglon. The
occurrence of more than one draft at any one altitude within
a cloud is 1Indicated by the equal altitude levels in table I.

PRECISION

The precision in the determination of the vertical-
draft velocity Ug depends upon reading errors, deviations

of the motion of the alrplane from the motion of the alr,
and change 1n the pressure fleld within the clouds. The
values of Uq evaluated from the motlion-plcture and the

barograph records are estimated to be accurate within

5 percent and 15 percent, respectively, as a result of
reading errors. The pllot was qulte successful in malin-
taining a constant alrspeed and, since power was not
changed durling a traverse, the alrplane 1is belleved to have
followed the general vertlical motions of the alr within the
draft, There 1ls a posslbllity of a nonuniform pressure
fleld within convective-type clouds and the effect on the
recorded draft veloclty of traversling such a fileld has been
computed for condltlions that are belleved to be extreme.

On the assumptions that the barometric pressure decreased
linearly by 10 milllbars over a distance of 5 miles and
that the alrplane was flyling at a true alrspeed of 150 milles
per hour, the apparent rate of change of altitude would be

4 feet per second at 20,000 feet. From the consideratlons
noted, the draft veloclities are belleved to have a probable
maximum error of 120 percent as determined from the barograph
records and of %10 percent as determined from the motlion-
plcture records.

The precislon in the determination of the true gust
velocity Ut depends upon errors in the evaluation of the
effective gust velocity Ug and upon errors arleing from
the assumption that all the gusts had a gradient distance
of 9 chord lengths. The discusslon of preclsion in
reference 1 indicates that the values of Ug are accurate
within $10 percent. The data of reference 1 showed that. .
in 85 percent of the cases the measured gradlent distances
would yileld an acceleration ratio within 5 pereent of 0.67,
Conslderation of these sources of error 1ndicates that the
error in the value of Ut would be *15 percent.
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DISCUSSION

The reaulta presented in figure 2 and table I show
that the maximum true gust velocltles in convective-type
clouds are, on the average, equal to the velocitlies of
the vertical drafts. The .coefficient of correlation (see .
reference 4) of gust velocity with draft velocity determined
from barograph records wes 0.95 and of gust velocity with
drafg veloclty determined from motion-plcture records
was «99.,.

Teble I 1ndlicates that the direction of the maximum
gust 1s the same as that of the draft. -The aignificance
of thils result 1s difficult ts determine, since ir most
cagses the difference betwsen the maximum positive and
negative true gust velocltles is small.

It 1s of interest to note 1n table I that within a
single cloud updrafts, downdrafts, or any number of both
may be encountered. A single draft occupled from 3 to
42 percent of the cloud width and several drafts encountered
within a cloud at the same altitude occupled from 6 to
63 percent of the cloud width. It 1s highly probsble,
moreover, that drafts other than those encountered exlsted
in other portions of the clouds surveyed.

CONCLUSION

Evaluation of data obtained in flight to determine the
relation between the velocltles of vertical drafts and
assoclated gusts within convective-type clouds indicated
that the maximum true gust velocltles are, on the average,
equal to the veloclities of the vertical drafts.

Langley Memorial Aeronautical ILaboratory
National Advisory Commlttee for Aeronautics
Langley Fleld, Va.
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TABLE J» - CHARACTERISTICS OF DRAFTS AND ASSOCIATED GUSTS

Type Altitude| Draft veloclity, Uy Maxlmum Horlzontal | Horlzontal
of fps) true gust extent. of | extent of dg/dc

cloud (ft) Motion- | Barograph| velocity, U, [ cloud, d, | draft, dg

plcture record (fps) (£t) (ft)
record

Cumulus 14,300 31.8 22.4 32.4 14,500 2,500 0.17
congestusi\ 12,300 =25.6 -21.5 -29.5 12,000 5,500 .42
. 21,000 49,1 S2.9 52.1 36,500 8,000 .22
Do==--8 19,000 | «==w-=- 28.0 El.7 71,000 16,800 23
18,000 | w=w=mm- 37.2 36.4 44,000 13,000 29
Do--~=|{ 20,000 25.6 28.5 32.5 25,000 4,000 .16
16,000 26.1 26.7 26.5 47,000 3,500 .08
21,000 21l.1 34.6 23.1 105,500 13,000 . .12
Cumulo 19,000 | «=-=we=- 42,3 39.1 128,000 9,000 .07
nimbus 19,000 —————-— SE.4 27.7 128,000 6,000 08
17,000 | ==meum- 19.6 30.3 74,000 16,500 .22
29,000 | =3646 | —=mm==mm- -34.3 58,500 5,500 .09
Do----{ 29,000 =46,6 =-39.5 -47,6 58,500 11,000 .19
29,000 22,4 | mcmmmmee- 1.5 58,500 4,000 .07
29,000 32l | ==mmmmeaa 37.2 58,500 16,500 .28
Do-==~-| 30,600 44 .4 46.0 4C,.6 104,000 17,000 .16
Do----{f 28,000 26,2 | ~—mmcecaa 27.6 107,000 3,000 .03
28,000 w20eB8 | ==mmmmmeu -25,2 107,000 3,500 .03
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Figure 1.- Front view of XC-35 airplane.
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Figure 2.- Comparison of rthe maximum true gust
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